1 1 Research Institute for Sustainable Humanosphere; Kyoto University; Kyoto, Japan; 2 Faculty of Bioenvironmental Science; Kyoto Gakuen University; Kyoto, Japan S oybean is an important crop, with processed soybeans being the second largest source of vegetable oil and the largest source of animal protein feed in the world. Nodules on soybean roots are responsible for symbiotic nitrogen fixation, enabling soybean plants to obtain sufficient nitrogen for growth and seed production. Because nitrogen is an essential, but often limiting, nutrient for plant growth, improvements in nitrogen fixation are highly required in agriculture. We recently reported a comprehensive analysis of rhizosphere bacterial communities during soybean growth in a field in Kyoto prefecture, Japan. The bacterial communities of the rhizosphere changed significantly during growth, with potential plant growth-promoting rhizobacteria, including Bacillus, Bradyrhizobium, and Rhizobium, increasing in a stage-specific manner. In this addendum, we focus on changes in Bradyrhizobium during soybean growth, suggesting that soybean plants select for symbiotic partners.
Legumes (Fabaceae) constitute the third largest plant family in the world, with around 700 genera and 20,000 species. 1 Most legume plants acquire nitrogen nutrients through symbiosis with soil microbes called rhizobia. This legume-rhizobium symbiosis takes place in specialized organs, called nodules, in which rhizobia effectively convert atmospheric nitrogen into ammonium. In return, plants supply the rhizobia with the products of photosynthesis. Sophisticated signaling cascades to form nodules begin when roots of the host plant secrete flavonoids, which are recognized by the NodD protein in rhizobia, leading to the successive induction of nod genes, which produce the second signaling molecules, lipochitooligosaccharides or Nod-factors. 2 Soybean (Glycine max) is the most widely-grown legume crop in the world, with an annual yield of over 200 million tons. Soybeans symbiose with rhizobia such as Bradyrhizobium japonicum and B. elkanii, with about 50 to 60% of nitrogen supplied by atmospheric nitrogen fixation in nodules. 3 Maximum symbiotic nitrogen fixation occurs between the R3 and R5 stages of soybean development, 4 but is then reduced between the R5 and R7 stages, the seed-filling stages in soybeans. Thus, improvement of nitrogen fixation at these stages is required to optimize agricultural practice.
Genistein and daidzein were identified as signaling flavonoids from soybean roots. 5 Using a plasma membraneenriched vesicles, we detected clear ATPdependent transport activity of genistein, and demonstrated that an ATP-binding cassette (ABC)-type transporter is involved in the secretion of flavonoids from soybean roots. 6, 7 The amount and composition of secreted flavonoids vary greatly in soybeans grown axenically in mineral nutrient solution, with secretion dependent on growth stages and conditions (our unpublished results). In Arabidopsis, the contents and compositions of root exudates were shown to correlate with the metabolic activities of bacterial communities in rhizospheres, 8, 9 suggesting the involvement of plant metabolites in forming rhizosphere microbial communities, which, in turn, affect plant health and growth. 10 We recently reported a comprehensive analysis of rhizosphere bacterial communities during soybean growth in a field of Kyoto prefecture, Japan. This analysis showed that the bacterial communities of the rhizosphere changed significantly and in a stage-specific manner during growth, with a higher abundance of potential plant growth Keywords: Bradyrhizobium, nitrogen fixation, rhizosphere, soybean, symbiosis promoting rhizobacteria, including Bacillus, Bradyrhizobium, and Rhizobium.
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This addendum focuses on changes in Bradyrhizobium species during soybean growth.
To characterize changes in Bradyrhizobium during soybean growth, the relative abundance of OTUs annotated as Bradyrhizobium were compared. At the genus level, the relative abundance of Bradyrhizobium at all growth stages was higher in rhizosphere than in bulk soils, 11 although each OTU annotated as Bradyrhizobium showed different trends during the growth season (Fig. 1) . The most abundant Bradyrhizobium (Rank 1) was not more abundant in rhizosphere than in bulk soil, nor did it show a specific pattern during growth. In contrast, Bradyrhizobium in Ranks 4, 57, 652 and 734 were more abundant in rhizosphere than in bulk soils at different stages of growth. These results suggest that soybeans may select specific species, or even strains, of Bradyrhizobium. However, the identities of these OTUs could not be determined at the species or strain level due to the limited resolution of pyrosequencing analysis. In a soybean field, B. japonicum and B. elkanii were the predominant species that formed nodules, 12 with both of these species isolated from nodules of soybeans grown in this field (our unpublished results). In addition, Bradyrhizobium with reduced nitrogen fixation activity has been detected in soybean fields. 13 It would be interesting to investigate the changes in these Bradyrhizobium at the species or strain level, and to characterize the nitrogen fixation activities of each. Nitrogen fixation activities can be analyzed in correlation with changes of soybean metabolic activities, especially regarding flavonoid biosynthesis and secretion, which play important roles in rhizosphere biological communications.
14 Soybean-rhizobacteria interactions offer a good model to test the hypothesis that plants select bacteria from reservoir soils to form rhizosphere bacterial communities. 10 This may result in better utilization of rhizosphere microbial communities for agricultural practices.
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